In ion beam cancer therapy, range verification in patients using positron emission tomography (PET) requires the comparison of measured with simulated positron emitter yields. We found that 1) changes in modeling nuclear interactions strongly affected the positron emitter yields and that 2) Monte Carlo simulations with SHIELD-HIT10A reasonably matched the most abundant PET isotopes 11 C and 15 O. We observed an ion-energy (i.e., depth) dependence of the agreement between SHIELD-HIT10A and measurement. Improved modeling requires more accurate measurements of cross section values.
Introduction 1
Ion beam cancer therapy has the potential to advance radiotherapy due to its improved spa-2 tial dose distribution (sparing healthy tissue) and increased radiobiological effect (killing cells 3 more efficiently). In ion beam therapy, several quantities depend on nuclear fragmentation: e.g. tions depended substantially on how nuclear interactions were modeled while the RBE and the 10 dosimetric correction factors did not.
11
The principle of treatment plan verification by means of positron emission tomography (PET) 12 is to determine the positron emitter activity distribution inside the patient-induced by the ion 13 beam-using a PET device . The measured data serve as input for the 14 range verification of an irradiated ion treatment field (Fiedler et al., 2010 (Fiedler et al., , 2011 . However, 15 the positron-activity distribution measured by PET does not directly relate to the achieved dose 16 1 Corresponding author: luehr@phys.au.dk
Preprint submitted to Applied Radiation and Isotopes
December 31, 2012 distribution. Instead, the PET approach requires a comparison of the measured distribution to 17 a simulated positron emitter distribution in the patient (based on the specific treatment plan).
18
This simulated distribution depends on the modeling of nuclear interaction. España et al. (2011) 19 discussed the reliability of nuclear cross section data for protons by comparing simulated results
20
to measured PET images. They concluded that for proton beams in vivo range verification with 21 millimeter precision required more accurate experimental nuclear cross section data.
22
In this study, we addressed two questions related to range verification in ion beam therapy Collaboration, 2011). Both programs simulated 10 × 10 6 primary ions.
69
The Posgen code was frequently considered for calculating positron emitter activity distri-
70
butions, e.g., from real treatments to evaluate the quality of PET images for different camera 71 settings in real therapeutic situations. Posgen has, however, only been optimized for carbon ions.
72
Therefore, the simulations for the lithium ions were performed with Geant4. 
Results

74
Changes in modeling the nuclear interaction (compared to the default in SHIELD-HIT10A, 
Discussion
100
We found that 1) changes in modeling nuclear interactions strongly affected the positron 101 emitter yields and that 2) the current version of SHIELD-HIT10A tended to overestimate exper- 
108
This study demonstrates the sensitivity of positron emitter distributions to nuclear modeling.
109
Changing all inelastic cross sections by 20% (cases 080 and 120, cf. the experimental data basis for protons is much more comprehensive than for other ions.
132
In the studied case of carbon ion beams on PMMA, projectile as well as target fragmentation relatively small area of the activity peak.
138
We may speculate whether the observed decrease (cf. 
144
For lithium ion beams only target fragments can occur. Accordingly, the depth distribution 145 of the isotopes allows for a more direct insight into the energy dependence of the fragmentation 146 process.
147
Non of the three simulation codes (Posgen, Geant4, SHIELD-HIT10A) appeared to be supe- for ∆Z = 2 (Hansen, 2011) , where ∆Z denotes the charge change after a nuclear reaction. The 160 overestimation we observed here for 10 C production-i.e., for twofold change in the number of 161 neutrons instead of protons-appears to be similar to that for ∆Z = 2.
162
The agreement of the Geant4 simulations for lithium irradiation (Priegnitz, 2012) was mixed.
163
They were performed with the physics list recommend for medical applications (with the Quark-
164
Gluon String Precompound -Binary Cascade Model with high precision but without the Fermi-
165
Breakup model). These settings could probably be improved to achieve a better matching with 166 experiments for positron emitters.
167
When applying the same four cases of modifying the modeling of nuclear interactions (cf. The current findings encourage to improve nuclear fragmentation modeling in SHIELD-
190
HIT10A provided that necessary experimental data are available. This includes adaption of: the 
